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PLASMA FREQUENCY TRIGGER SUMMARY 

CROSS - REFERENCE TO RELATED The following presents a simplified summary of the 
APPLICATION disclosure in order to provide a basic understanding to those 

5 of skill in the art . This summary is not an extensive overview 
This application claims the benefit of priority of U . S . of the disclosure and is not intended to identify key / critical 

Provisional Patent Application No . 62 / 346 , 184 , titled elements of embodiments of the invention or to delineate the 
“ PLASMA FREQUENCY TRIGGER ” filed on Jun . 6 , 2016 scope of the invention . The sole purpose of this summary is 
which is incorporated herein in its entirety by this reference . to present some concepts disclosed herein in a simplified 

10 form as a prelude to the more detailed description that is 
FIELD OF INVENTION presented later . 

According to one or more embodiments described and 
The present invention relates generally to exothermic claimed herein , an exothermic reaction of hydrogen / deute 

reactions , and in particular to triggering exothermic reac - , rium loaded into a metal or alloy is triggered by controlling 
tions by plasma excitation at certain optical phonon mode the frequency of a plasma . In a plasma , charged particles 
frequencies . oscillate at certain frequencies , which are referred to as 

plasma frequencies in this disclosure . The plasma frequency 
BACKGROUND is controlled by adjusting the electron density of the plasma . 

20 The plasma frequency is in turn controlled by adjusting the The generation of anomalous heat from hydrogen and / or pressure within the reaction chamber . An exothermic reac 
deuterium loaded in metals or alloys has been an ongoing tion is generated at certain discrete plasma frequencies , 
topic of research for over 25 years . However , the mecha which correspond to the optical phonon modes of D - D , H - D , 
nisms of , and triggers for , such exothermic reactions are not and H — H bonds within the metal lattice . For example , in 
fully known . Devising a reliable triggering mechanism for 25 palladium metal , the frequencies are 8 . 5 THz , 15 THz , and 
exothermic reactions , to generate excess heat in a metal or 20 THz , respectively . 
alloy loaded with hydrogen / deuterium , stands as a major One embodiment relates to a method of triggering an 
challenge in this field of research . exothermic reaction in a sealed reaction chamber including 

In the early 2000s , the present inventor triggered exother an anode and a cathode having a reactive metal coating . The 
mic reactions by exciting a metal occluded with deuterium 30 reaction chamber is evacuated to a predetermined vacuum . 
and natural abundance hydrogen with visible laser light . One or both of hydrogen ( H ) and deuterium ( D ) gas are 
These experiments are detailed in published US Patent introduced into the reaction chamber at predetermined par 
Application No . 2004 / 0173462 , the disclosure of which is tial pressures . A plasma is created in the reaction chamber by 
incorporated herein by reference in its entirety . Briefly , a applying a high voltage DC electrical signal to the anode . 
metal electrode capable of absorbing hydrogen ( e . g . , palla - 35 The electron density in the plasma is adjusted to achieve a 
dium ) was prepared by cold working , etching , polishing , predetermined plasma frequency by controlling the pressure 
cleaning and annealing , to increase the average grain size of within the reaction chamber . An exothermic reaction is 
the lattice and introduce dislocations to the lattice structure . triggered by achieving a plasma frequency of a predeter 
After undergoing electrolysis in a solution of heavy water m ined value . 
and acid or salts to load the electrode with hydrogen / 40 Another embodiment relates to an exothermic reaction 
deuterium , gold was plated onto the electrode . The electrode assembly . The assembly includes a reaction chamber includ 
was then illuminated with a tunable laser beam focused to a ing a sealed metallic housing grounded to function as a 
narrow spot , with the frequency of the laser being adjusted cathode ; a reactive metal coating on the interior surface of 
At certain laser frequencies , excess heat may be generated at the housing ; and an anode suspended within the chamber . 
a power density many times greater than that achievable in 45 The assembly also includes a signal generator operative to 
fuel cells . In one experiment , laser beams of two different generate a high frequency , high voltage electrical signal and 
frequencies were focused to the same spot , generating apply the signal to the anode or alternatively to the cathode . 
anomalous heat . The assembly further includes a gas manifold and controller 
Recent research in exothermic reactions has utilized a operative to connect a vacuum pump and one or more gas 

sealed , metal reaction chamber , evacuated to a vacuum and 50 chambers to the reaction chamber and to control the mass 
into which controlled quantities of hydrogen / deuterium gas and pressure of gases in the chamber . The signal generator 
are introduced . The hydrogen / deuterium molecules in a is operative to create a plasma in the reaction chamber by 
plasma are accelerated to a hydrogen - absorbing metal or applying an AC electrical signal superimposed over a high 
alloy plated onto an electrode or the grounded ) interior voltage DC signal to the anode or alternatively to the 
surface of the chamber wall ( acting as a cathode ) . Because 55 cathode . The gas manifold and controller are operative to 
the reaction chamber is opaque , laser light cannot easily be adjust the electron density in the plasma to achieve a 
used to trigger exothermic reactions in the hydrogen / deute - predetermined plasma frequency by controlling the pressure 
rium - loaded metal . within the reaction chamber . 

The Background section of this document is provided to 
place embodiments of the present invention in technological 60 BRIEF DESCRIPTION OF THE DRAWINGS 
and operational context , to assist those of skill in the art in 
understanding their scope and utility . Approaches described The present invention will now be described more fully 
in the Background section could be pursued , but are not hereinafter with reference to the accompanying drawings , in 
necessarily approaches that have been previously conceived which embodiments of the invention are shown . However , 
or pursued . Unless explicitly identified as such , no statement 65 this invention should not be construed as limited to the 
herein is admitted to be prior art merely by its inclusion in embodiments set forth herein . Rather , these embodiments 
the Background section . are provided so that this disclosure will be thorough and 
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complete , and will fully convey the scope of the invention In some embodiments , the electrode 104 is made of the 
to those skilled in the art . Like numbers refer to like same shape as the metal container 102 , to create a uniform 
elements throughout . electric field inside the metal container 102 . The electrode 

FIG . 1 is a functional section diagram of an exothermic 104 is shaped as a rod with a diameter of 1 / 16 in . The metal 
reaction chamber according to one embodiment . 5 container 102 is in the shape of a tube with an outer diameter 

FIG . 2 is a functional section diagram an exothermic of one inch and an inner diameter of 0 . 875 in . The length of 
reaction chamber according to another embodiment . the metal container 102 is 12 in and the electrode 104 

FIG . 3 is a graph depicting exothermic reaction outputs extends into the metal container 102 . The distance between 
vs . beat frequency of optical excitation lasers . the end of the electrode 104 and the bottom of the metal 

FIG . 4 is a graph plotting the output power of a reaction 10 container 102 ( d in FIG . 1 ) is preferably 0 . 6 in . 
chamber and plasma frequency vs . time . The component 116 is a removable electrical pass 

FIG . 5 is a flow chart illustrating an exemplary process for through . The component 116 holds the electrode 104 in 
achieving a predetermined plasma frequency . place at the center of the metal container 102 . The compo 

nent 116 is preferably made of ceramic , but can be of any 
DETAILED DESCRIPTION 15 electrically insulating material . The component 116 uses a 

safe high voltage connector to connect the electrode 104 to 
For simplicity and illustrative purposes , the present inven a high voltage power supply . A lid made of aluminum is 

tion is described by referring mainly to an exemplary placed over the electrical pass - through to provide accom 
embodiment thereof . In the following description , numerous modation for pressure controlling devices 114 for removing 
specific details are set forth in order to provide a thorough 20 or supplying gas to the metal container 102 and for moni 
understanding of the present invention . However , it will be toring gas pressure inside the metal container 102 . In another 
readily apparent to one of ordinary skill in the art that the embodiment , the lid may be made of stainless steel or any 
present invention may be practiced without limitation to other suitable metal . 
these specific details . In this description , well known meth To prepare the device 100 for exothermic reactions , the 
ods and structures have not been described in detail so as not 25 first step is to provide a hydrogen absorbing material to 
to unnecessarily obscure the present invention . occlude hydrogen or deuterium . In a preferred embodiment , 

FIG . 1 is a functional section diagram of some parts of a the hydrogen absorbing material 110 is plated either on the 
reaction chamber 100 for triggering and housing an exo interior of the metal container 102 or on the electrode 104 . 
thermic reaction . The chamber 100 includes a metal con Well known hydrogen absorbing materials include palla 
tainer 102 , an electrode 104 , and a lid 106 . The metal 30 dium , nickel , titanium , and other metals and alloys known to 
container 102 is made of a material that does not react with form hydrides or deuterides . In some embodiments , palla 
or absorb hydrogen . In one embodiment , the metal container dium or palladium alloy or a palladium product is used as the 
102 is made of stainless steel , for example , grade 316L . The hydrogen absorbing material and is plated on the interior 
wall of the metal container 102 should be thick enough to wall of the metal container via an electrolytic process . In one 
withstand plating , high pressure , high temperature , etc . For 35 embodiment , the thickness of the plating is around 7 
instance , in one embodiment , the thickness of the wall of the microns . On a macro scale , the thickness of the plating is 
metal container 102 is larger than 1 / 16 in . Other dimensions uniform across the sidewalls and the bottom of the metal 
may work as well . In some embodiments , the metal con container 102 . However , in a preferred embodiment , the 
tainer 102 is in the form of a tube and is of a cylindrical surface of the plated hydrogen absorbing material is made 
shape . The diameter of the cylinder may be between 0 . 8 and 40 rough on a micro scale , by performing the plating procedure 
1 in . For example , in one embodiment , the outer diameter of at a high current to force rough deposits . 
the cylinder is 1 inch and the inner diameter of the cylinder In some embodiments , a layer of gold 108 is plated 
is 0 . 875 in . The length of the tube in one embodiment is underneath the hydrogen absorbing material 110 . In one 
approximately 12 in . In general , there is no restriction on the embodiment , the thickness of the layer 108 is approximately 
length or the size of the tube . The size of the tube determines 45 10 microns and is uniform across the sidewalls and the 
how much hydrogen absorbing material can be plated inside bottom of the metal container 102 on a macro scale . As with 
the reactor . The amount of heat produced is directly propor - the hydrogen absorbing material 110 , the layer of gold 108 
tional to the amount of hydrogen absorbing material plated is preferably rough , achieved by using a strong current in the 
inside the reactor . The forms or shapes of the container are electrolysis process . The layer of gold 108 functions as a seal 
chosen mainly for the convenience of manufacturing and 50 to maintain high loading in the hydrogen absorbing material 
ease of operation . For instance , the metal container 102 can and may serve other functions such as providing an interface 
be made of a rectangular shape . between the container and the hydrogen absorbing material . 

The metal container 102 may have one or more open ends . Other metals , such as silver , that do not absorb hydrogen 
In FIG . 1 , the metal container 102 is shown to have only one may be used instead of gold . 
open end . In some embodiments , the metal container 102 55 In some embodiments , when electrolysis is used as the 
can have two or more open ends . At least one open end is plating method , the plating of the hydrogen absorbing mate 
required to be removable or changeable in order to accom - rial 110 and gold 108 generally covers the sidewalls and the 
modate the electrode 104 , input / output ports 114 , and elec - bottom of the metal container 102 except a strip near the top 
tric cords or cables 116 . of the metal container . This strip exposes the metal container 

The electrode 104 , as shown in FIG . 1 , is received through 60 to the high voltage differential applied between the metal 
one open end into the metal container 102 . In some embodi - container 102 and the electrode 104 . To prevent sparking 
ments , the electrode 104 is placed in the center of the metal between the electrode 104 and the metal container 102 when 
container 102 , equidistant from the sidewalls of the metal a high voltage is applied , the portion of the electrode 104 
container 102 . The electrode 104 may be made of tungsten , that is parallel to the exposed area of the metal container is 
molybdenum , cobalt , or nickel , or other rugged metal that 65 coated with an insulator 118 , for example , Teflon . 
can withstand high voltage and high temperature environ - In the reaction chamber 100 shown in FIG . 1 , the hydro 
ments . gen absorbing material 110 and the layer of gold 108 are 
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1 47Neq ? , where f = 27 V Meet 

plated on the interior walls of the metal container . In some electrode by two laser beams of different optical frequencies . 
embodiments , the hydrogen absorbing material can be It is hypothesized that the beat frequency between these two 
plated on the electrode 104 as shown in FIG . 2 . It is easier beams matches one of the characteristic optical phonon 
to plate the hydrogen absorbing material on the electrode mode frequencies : 8 . 5 THz , 15 . 5 THz , and 20 . 5 THz for D 
104 than inside the interior wall of the metal container . 5 and H confinement in a 4 . 026 Angstrom lattice , and 16 THz , 
Additionally , the electrode 104 can be easily taken out and 30 TH , and 40 TH , for D and H confinement in a 2013 
replaced with new test samples . In some embodiments , the Angstrom vacancy . 
electrode 104 is first plated with a non - hydrogen absorbing According to embodiments of the present invention , the material 108 , e . g . , gold . The hydrogen absorbing material frequency of the plasma within the reaction chamber 100 is 110 is then plated on top of the non - hydrogen absorbing 10 controlled to resonate at one of these characteristic frequen material 108 . In FIG . 2 , the electrode 104 is grounded . A cies . The oscillation frequency of the charged species in a power supply is connected to the metal container 102 to plasma is given by : provide a voltage differential between the metal container 
102 and the electrode 104 . The voltage differential may be 
set at a pre - determined value . Experiments show that certain 15 
voltage values are optimal in triggering exothermic reactions 
and the optimal voltage values correlate to the geometry of 
the reactor 100 . The electrode containing the hydrogen 
absorbing material is always run as the negative electrode The only controllable variable in the plasma frequency ( cathode ) . 

Both FIG . 1 and FIG . 2 show that one of the electrodes is « equation ( 1 ) is Ne , the electron density . The electron density 
of a plasma can be controlled by controlling the pressure and grounded . However in some embodiments , neither electrode temperature of the plasma to produce a specific desired may be grounded , i . e . , the reactor can be made “ floating , ” plasma frequency . It is contemplated that when the plasma although for safety considerations grounding is preferred . frequency is set equal to one of the optical phonon modes for For convenience and without loss of generality , embodi - 25 the deuterated material inside the metallic vessel , an exo ments of the present invention will be described with respect thermic reaction can be triggered in the deuterated material . to the reaction chamber 100 of FIG . 1 , with the metal The known plasma physics equations can be manipulated container 102 grounded . to reveal the desired pressure inside the vessel for producing A high - frequency AC electrical signal is superimposed 

over a high voltage DC signal and applied to the electrode 30 the frequencies that match the optical phonon frequencies of 
the deuterated material ( typically palladium deuteride ) , at a ( anode ) 104 , or alternatively to the cathode 102 . The deu 

terium gas in the container is ionic , and the DC anode signal given temperature , as shown in Equation ( 2 ) below . 
causes a plasma conducting current from the anode 104 to 
the container wall 102 , accelerating deuterium ions toward RGTG the hydrogen absorbing material 110 plated onto the con - 35 
tainer wall 102 . The velocity achieved by a deuterium ion is 
determined by the mean free path of the deuterium ion . The 
deuterium ion velocity in turn determines the wavelength of P = pressure ; 
the Debroglie pilot wave associated with the deuterium ion . F = desired frequency [ THz ] ; 
When the Debroglie pilot wave corresponds to one of the 40 M - electron mass ; 
resonant modes of a confinement space , the wavelength of Ep = vacuum permittivity ; 
the Debroglie pilot wave and the size of the confinement Rg = molar gas constant ; 
space have a fixed relationship . From the size of the con - TG - gas temperature ; 
finement space , the wavelength ( s ) of the Debroglie pilot N? = Avogadro ' s constant ; 
wave of a resonant deuterium ion can be determined . Experi - 45 q = charge on an electron . 
ments show that an exothermic reaction among deuterium Note that TG , the gas temperature , is a variable in equation 
ions in resonant states is possible and maybe initiated under ( 2 ) . It is anticipated that , as exothermic reactions are reliably 
certain triggering conditions . triggered and sustained in a reaction chamber 100 , Tg may 

In a metal hydride , there may be several relevant con - change , requiring an adjustment to the pressure to maintain 
finement dimensions . For example , the average separation 50 the desired plasma frequency . 
distance between two deuterium atoms in a deuterium gas In a deuterated metal , there are three types of principal 
molecule is 0 . 741 Angstroms . The average separation dis - bonds , D - D , D - H , and H — H . The three plasma frequencies 
tance between two deuterons in a D2 molecular ion is 1 . 058 corresponding to these three types of principal bonds are 8 . 5 
Angstroms . The lattice dimension for deuterated palladium THz , 15 . 5 THz , and 20 . 5 THz , if the hydrogen or deuterium 
in the beta phase is 4 . 026 Angstroms and the size of a 55 confinement is on a 4 . 026 Angstroms palladium lattice . If 
palladium vacancy is conjectured to be one half this value , the confinement is in a palladium vacancy of 2 . 013 Ang 
or 2 . 013 Angstroms . There is experimental evidence sug stroms , then the vibrational frequency is almost doubled . 
gesting that D - D exothermic reactions are possible in the Triggering frequencies of approximately 8 . 5 THz , 15 . 5 THz , 
vacancies of certain metal deuterides , most notably palla - and 20 . 5 THz were observed in more than forty dual laser 
dium . 60 experiments in 2007 - 2008 as shown in FIG . 3 . In this figure , 

The laser light triggers described in 2004 / 0173462 further three optical excitation ( beat ) frequencies resulted in anoma 
indicate that excitation of H — H , H - D , and D - D molecules lous heat generation : 8 . 3 THz , with a tolerance width of 0 . 70 
in the hydrogen absorbing material 110 at optical phonon THz ; 15 . 3 THz with a width of 0 . 44 THz ; and 20 . 4 THz with 
modes of these bonds is also a trigger for exothermic a width of 0 . 68 THz . Appendix A attached hereto describes 
reactions . For example , one result described in the ' 462 65 these experiments . 
publication is an exothermic reaction that is triggered ( or at In 2015 a series of 50 experiments were conducted using 
least intensified ) by the simultaneous irradiation of a metal a sealed metallic cylindrical vessel , similar to that depicted 

P = F ? Meep NAG where 
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in FIG . 1 . The plasma frequency method disclosed herein departing from essential characteristics of the invention . The 
was tested on several occasions in 2015 and exothermic present embodiments are to be considered in all respects as 
reactions were triggered in the 30 - 40 THz range as shown in illustrative and not restrictive , and all changes coming 
FIG . 4 . This implies that for these tests , the deuterium was within the meaning and equivalency range of the appended 
confined in palladium vacancies with a dimension of 5 claims area intended to be embraced therein . 
approximately 2 . 013 Angstroms . The corresponding reso 
nant frequencies would then be around 16 , 30 , or 40 THz . What is claimed is : The result shown in FIG . 4 is consistent with stimulating the 1 . A method of triggering an exothermic reaction in a D - H bond in a palladium vacancy with a dimension of 2 . 013 sealed reaction chamber including an anode and a cathode Angstroms . Note in particular that as the plasma frequency 10 ñ 1 having a reactive metal coating , said reaction chamber filled reaches 40 THz , an exothermic reaction is triggered , with the with one or both of hydrogen and deuterium gas at a power generated rapidly rising from 0 to 4 Watts . predetermined partial pressure , and said reactive metal coat Table 1 below depicts various values of the inverse ing being loaded with one or both of hydrogen and deute propagation constant q in a hydrogen absorbing material rium molecules , comprising : 110 , and the associated optical phonon mode frequency . 15 creating a plasma in the reaction chamber by applying a 
Inverse q is defined as wavelength / 2 Pi . When inverse q is high voltage DC electrical signal to the anode ; and approximately equal to a lattice confinement dimension such adjusting an electron density in the plasma to achieve a as 2 . 013 Angstroms , excess power may be triggered in a predetermined plasma frequency by controlling the 
deuterated metal . Table 1 shows that one of the expected pressure within the reaction chamber to trigger an triggering frequencies is approximately 43 . 453 THz . exothermic reaction under the predetermined plasma 

frequency 
TABLE 1 2 . The method of claim 1 wherein the predetermined 

plasma frequency corresponds to an optical phonon mode Inverse Propagation Constant and 
optical phonon mode frequency frequency associated with hydrogen or deuterium molecules 

loaded into the reactive metal coating . 
3 . The method of claim 2 wherein the hydrogen or 

deuterium molecules are D - D or H — H . fph ( d ) Angstroms THz 4 . The method of claim 3 wherein the reactive metal is 
palladium , the D and H confinement is on a 4 . 026 Angstrom 
lattice , and the predetermined plasma frequency is one of 8 . 5 

4 . 03 44 . 358 THz , 15 . 5 THz , and 20 . 5 THz , respectively . 2 . 692 43 . 978 
2 . 021 43 . 453 5 . The method of claim 3 wherein the reactive metal 
1 . 618 42 . 789 coating comprises palladium , wherein the D and H are 
1 . 349 41 . 997 confined when both of hydrogen and deuterium molecules 1 . 157 41 . 092 are loaded into the reactive metal coating in 2 . 013 Angstrom 1 . 012 40 . 098 
0 . 9 39 . 056 vacancies , and wherein the predetermined plasma frequency 
0 . 81 38 . 03 is one of 16 THz , 30 THz , and 40 THz , respectively . 
0 . 737 37 . 138 6 . The method of claim 1 wherein controlling the pressure 0 . 675 36 . 559 within the reaction chamber comprises controlling the pres 

sure according to : 
FIG . 5 depicts a method 500 of triggering an exothermic 

reaction in a sealed reaction chamber including an anode and 
a cathode having a reactive metal coating . The reaction 
chamber is evacuated to a predetermined vacuum ( block 
510 ) . One or both of hydrogen ( H ) and deuterium ( D ) gas are 45 
introduced into the reaction chamber at a predetermined P = pressure ; partial pressure , as deduced from Equation ( 2 ) ( block 512 ) . F = desired frequency [ THz ] ; A plasma is created in the reaction chamber by applying a 
high voltage DC electrical signal to the anode ( block 514 ) . Me = electron mass ; 
The electron density in the plasma is adjusted , by controlling 50 
the pressure of the gas inside the reaction chamber , to Rg = molar gas constant ; 

TG - gas temperature ; achieve a predetermined plasma frequency ( block 516 ) . 
When the plasma frequency of the predetermined value is NA = Avogadro ' s constant ; 
achieved inside the reaction chamber , an exothermic reac q = charge on an electron . 
tion of the D / H loaded into the reactive metal coating can be 55 55 7 . The method of claim 6 , further comprising adjusting the 
triggered . control pressure in the reaction chamber in accordance to a 

The present invention may , of course , be carried out in temperature of the reaction chamber . 
other ways than those specifically set forth herein without 
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RGIG where P = F - AMeep Nag ? ' 

* * * * * 


